Abstract. This study developing mathematical model to optimize heat treatment process to obtain the most significant parameter that affected tensile strength of duralium through multistage artificial aging. The process parameters in this study were temperature of aging, holding time of aging, and artificial aging process was conducted in double stages. The experiments were conducted according to central composite design matrix. The adequacy of developed model was analysed by analysis of variance (ANOVA). The optimum parameter of multistage artificial aging was obtained for maximum tensile strength of duralium.
Introduction
The application of aluminum alloy in industries has been increased rapidly [1] . The used of aluminum alloy had been started from 19 th century with consumption 200 tons per year. In 2015, consumption of aluminum alloy reached 58 million tons per year. In 2016, Industrial Ministry of Republic Indonesia targeted Inalum which is aluminum company in Indonesia would produce aluminum as many as 1.5 -2 million tons in 2020. The worldwide aluminum used by industry in 2015 had been dominated by transportation industry with percentage 26.6% and construction with percentage 25.3%. Particularly, the use of aluminum alloy in aircraft industrial that reaches almost 90% [2] . Duralium is aluminum alloy that consists of aluminum and copper that widely used in transportation industry since 1980 [3] . In 1990, duralium was used in airship akron that made by Good Year Zeppelin Corporation -Germany. Duralium is not only applied in transport industry, but also in others field such as household appliances, components of regulator, military parts and construction of nuclear [4] . Duralium often used in transportation industry due to its properties that has high strength to the weight ratio, duralium also has the other characteristics such as lightweight, high strength, inexpensive, easy to be fabricated and also resists from corrosion [5] , [6] . Duralium composed of 3%-4.5% of Cu; 0.4 %-1% of Mg; 0% -0.7% of Mn; 0.4% -1% of Ir; 0.3% -0.6% of Si and the amount of Al adjusts to the composition [3] . Compared with the others commercial material such as iron and steel, duralium has lower strength that need to be improved. Duralium should have the higher strength to enlarge its applied in industry.
Mechanical properties of duralium can be improved by performing several treatments, such as alloying, cold working, giving heat treatment, and also aging [7] , [8] . Duralium is kind of non-ferrous alloy that consists of aluminium, copper, and magnesium that is light, has good corrosion resistance, wear resistance and high fatigue resistance (durability) [9] . Thus, mechanical properties of duralium can be improved by conducting multistage artificial aging [7] . Multistage artificial aging is one of heat treatment method with several stage of artificial aging. Artificial aging is heat treatment process that conducted in particular temperature and holding time. In this study, artificial aging started with solution treatment, quenching with dromus oil and followed with aging process. Artificial aging process will arise the precipitate, then the precipitate will form groups of precipitate. This step will reinforce the material optimally [10] . Artificial aging conducted at temperature between 100ºC -200ºC for 1-24 hours [11] . Artificial aging has two important parameters that contributes in mechanical properties improvement of duralium, they are temperature aging and duration of holding time. Previous study showed that mechanical properties of duralium was not only affected by temperature aging and holding time, but also the number of stage (multistage artificial aging), and the best result showed artificial aging in double stages [7] . This study focused on determining optimal parameters that improving the tensile strength of duralium on multistage artificial aging by using Response Surface Method.
Experimental Work

Experimental Procedure
Heat treatment process were performed in a furnace Costruzione Forni Electrick 380V. Artificial aging was started with solution heat treatment at 520ºC for 30 minutes, then followed by dromus oil quenching to room temperature. Duralium artificially aged in range from 130ºC -220ºC for 4 hours -15 hours. Based on previous study, showed that the best result of multistage artificial aging was multistage artificial aging with double stage as showed in Figure 1 . The tensile test specimen was formed according to ASTM-E464 standard [12] . The tensile test was conducting by using a universal testing machine. The sample speciments were also prepared for micro structurel examination as per the standard procedure of grinding and polishing by etching in HF solution. Optical microscopy was performed to understand the distribution of CuAl2 particles. The following table showed multistage artificial aging parameters and their levels that used for optimizing process. 
Response surface method
Response surface method (RSM) is an approach that used to determine the relationship between various process parameters with the various with the various machining criteria and explore the effect of these process parameters on the coupled responses, i.e. tensile strength [13] . The equation of the second-order polynomial response surface method:
where Yu is response; xi (1,2, … , k) is the coded level of k quantitative variables; b0 is the constatnt term, where bi, bii, bij are the coefficients of the linear equation. The non linear form of Eq. (1) was converted into a linear form through the logarithmic transformation. It was used to develop response surface regression form. To created the calculation method, a software package minitab was used to find out the coefficients of mathematical modeling based on the response surface regression form. The level of parameter chosen for the trial that was given in Table 1 . Thirteen experiments were conducted according to the central composite design. The experimental design matric and results were given in Table 2 . 
Analysis of variance
Analysis of variance for tensile strength of duralium was presented in Table 3 . Related P value for the model is less than 0.05 (level of significance α = 0.05, or 95% confidence limit), which indicated that model was able to measure statically considerable. The result showed that temperature of aging had effect on the tensile strength of duralium. 
Results and discussion
In this study the effect of aging temperature and holding time of aging on precipitation hardening process. The sequence of operations were solutionizing at 520ºC for 30 minutes and artificially aging at different temperatures (130ºC -220ºC) over time period for 4 -15 hours. The speciment were tested for tensile strength.
Tensile properties
The tensile strength of duralium increased from 30.5 kgf/mm 2 (raw material) to 36.80 kgf/mm 2 in 200ºC for 12 hours. This is due to the presence of CuAl2 precipitate that formed ( Figure 2 ). The tensile strength decreased from 36.80 kgf/mm 2 to 32.60 kgf/mm 2 in over heating condition (220ºC for 8 hours). This is due to the aging at the higher temperature (over than 200ºC) leaded to softening process [14] . 
Microstructure of duralium
The following figures were the microstructure of duralium in the maximum condition and duralium in over heating condition. showed the microstructure condition of duralium that artificially aged at 200ºC for 12 hours, the figure showed that percipitate of CuAl2 formed that indicated by black spot and the grain boundaries formed clearly. The precipitate also distributed evenly and located inside grain boundaries, this condition gave reinforcement effect against duralium [15] . Figure 3 (b) showed the microstructure condition of duralium that artificially aged at 220ºC for 8 hours. This condition was over heating condition that made the tensile strength of duralium decreased. The figure showed that precipitate of CuAl2 formed that indicated by black spot but did not distribute evenly. Distribution of precipitate also affected the mechanical properties of duralium [7] .
Conclusion
Based on the explanations above there are several conclusion as follow: 1. The second-order polynomial models were developed to predict the tensile strength using the response surface method. 2. The response surface method was used to study the effects if parameters and their interaction on tensile strength. 3. Temperature of aging had more influence on the tensile strength of duralium compared to holding time of aging parameter. 4. Based on the developed mathematical model, optimal parametric combination, i.e., artificial aging at 200ºC for 12 hours with tensile strength of 36.80 kgf/mm 2
